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6R]LR|NRQRPLH5LFKWOLQLHQXQG=HUWL¿]LHUXQJ3RVWHU
$QDO\VHYRQ,QLWLDWLYHQXQG%LRXQG1LFKW%LR5LFKWOLQLHQ]XP
7LHUVFKXW]7LHUZRKOLQ(XURSD
6FKPLG2.LOFKVSHUJHU5
.H\ZRUGV7LHUVFKXW]7LHUZRKO,QLWLDWLYHQ5LFKWOLQLHQ,QVWUXPHQWH
$EVWUDFW
,QWKH(8IXQGHGUHVHDUFKSURMHFW(FRQ:HOIDUHZZZHFRQZHOIDUHHXWKH5HVHDUFK,QVWL
WXWHRI2UJDQLF$JULFXOWXUH)L%/KDVFRPSLOHGDGDWDEDVHZLWKDQLPDOZHOIDUHLQLWLDWLYHV
DQGVWDQGDUGVLQ(XURSHIURP'((6,71/6(3/8.DQG0DFHGRQLD7KHVHZHUH
FOXVWHUHGDQGDQDO\VHGZLWKUHJDUGWRWKHLUPDLQJRDOVLQVWUXPHQWVXVHGPDMRUDFWRUVDQG
VXFFHVVIDFWRUVWDNLQJDFFRXQWRIQDWLRQDOGLIIHUHQFHV7KHDVVHVVPHQWRIWKHVHLQLWLDWL
YHVVKRZHGWKDWRQO\DVPDOOQXPEHURIWKHVHDUHVXFFHVVIXOO\DLPLQJDWPXOWLSOHJRDOV
LQFOXGLQJODEHOOLQJXVLQJGLIIHUHQWSROLF\LQVWUXPHQWVE\LQYROYLQJEURDGHUQHWZRUNVRIWHQ
RUJDQLFIDUPLQJVWDQGDUGVVFKHPHVZKHUHDVDPDMRULW\RILQLWLDWLYHVDUHIRFXVVLQJRQ
VLQJOHJRDOVXVLQJQDUURZQHWZRUNV7KHUROHDQGFKDOOHQJHVRISXEOLFERGLHVIRUSURPRWLQJ
DQLPDOZHOIDUHDUHGLVFXVVHG
(LQOHLWXQJXQG=LHOVHW]XQJ
,P5DKPHQGHV(8)RUVFKXQJVSURMHNWHV(FRQ:HOIDUH6R]LR|NRQRPLVFKH$VSHNWHGHV
7LHUZRKOVZZZHFRQZHOIDUHHXZXUGHGXUFKGDV)L%/HLQH$QDO\VHYRQ,QLWLDWLYHQ]XP
7LHUVFKXW]7LHUZRKOHUVWHOOW6FKZHUSXQNWOlQGHUIUGLH8QWHUVXFKXQJZDUHQ'HXWVFKODQG
*URVVEULWDQQLHQ,WDOLHQ0D]HGRQLHQDOV1LFKW(8/DQG1LHGHUODQGH3ROHQ6FKZHGHQ
XQG6SDQLHQ$OVUHOHYDQWH7LHUVFKXW],QLWLDWLYHQZXUGHQGH¿QLHUW7LHUVFKXW]*HVHW]JH
EXQJSULYDWH2UJDQLVDWLRQHQZHOFKHU$UWDXFKLPPHUZLHSULYDWH5LFKWOLQLHQ4XDOLWlWVVL
FKHUXQJV6\VWHPH,QIRUPDWLRQV.DPSDJQHQ:HLWHUELOGXQJVXQG6FKXOXQJVSURJUDPPH
¿QDQ]LHOOH$QUHL]6\VWHPHVRZLHXPIDVVHQGH7LHUVFKXW])RUVFKXQJV3URJUDPPH+DXSW
]LHOGHU8QWHUVXFKXQJZDUGLH,GHQWL¿NDWLRQHUIROJUHLFKHU,QVWUXPHQWHXQG0DVVQDKPHQ
XPGDV7LHUZRKOIUGLH1XW]WLHUHZHLWHU]XYHUEHVVHUQVRZLHGLH$QDO\VHYRQ5LFKWOLQLHQ
8QWHUVFKLHGHQ
0HWKRGHQ
,QMHGHPGHU6FKZHUSXQNWOlQGHUZXUGHQGXUFKPLQGHVWHQV3URMHNWH[SHUW,QQHQXQGGXUFK
EHLJH]RJHQHH[WHUQH([SHUW,QQHQYHUVFKLHGHQH,QLWLDWLYHQDXIJUXQGHLQHV.ULWHULHQ
NDWDORJHV0DUNWUHOHYDQ]7LHUZRKO5HOHYDQ]2ULJLQDOLWlWGHV$QVDW]HVDXVJHZlKOWXQG
EHZHUWHW'LHJHQDXH(UIDVVXQJXQG%HVFKUHLEXQJGHU,QLWLDWLYHQHUIROJWHRQOLQHPLWWHOV
HLQHVVWDQGDUGLVLHUWHQ)UDJHERJHQV8PGLH,QLWLDWLYHQVLQQYROO]XYHUJOHLFKHQXQG]XEH
ZHUWHQZXUGHPLWWHOVHLQHV:RUNVKRSVPLWSURMHNWLQWHUQHQXQGH[WHUQHQ([SHUW,QQHQ
HLQH&OXVWHULQJXQG%HZHUWXQJV0HWKRGLNHQWZLFNHOWZHOFKHHVHUODXEWH$NWHXUH=LHOH
XQG,QVWUXPHQWH0DVVQDKPHQVRZLH(UIROJVIDNWRUHQHLQHU,QLWLDWLYH]XLGHQWL¿]LHUHQ
 )L%/5HVHDUFK,QVWLWXWHRI2UJDQLF$JULFXOWXUH)L%/$FNHUVWUDVVH)ULFN6ZLW]HUODQG(0DLO
RWWRVFKPLG#¿EORUJ,QWHUQHWZZZ¿EORUJ
 )HUPH&RPEHG¶+XPEHUW6RQYLOLHU6FKZHL]UDKHOIHOLFH#KRWPDLOFRPDVVR]LHUWPLW)L%/
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'LH5LFKWOLQLHQZXUGHQPLWWHOVHLQHVVHSDUDWHQ)UDJHERJHQVGHUVLFKDQGHU6\VWHPDWLN
GHU(8*HVHW]JHEXQJRULHQWLHUWHYHUJOLFKHQ'DEHLZXUGHQMHQH3XQNWHEHVFKULHEHQLQ
GHQHQ8QWHUVFKLHGH]XGHQJHVHW]OLFKHQ5HJHOQGHU(8IHVWJHVWHOOWZXUGHQ'LH,QIRUPD
WLRQEDVLHUWHDXIGHU,QKDOWVDQDO\VHGHU$QIRUGHUXQJHQHUJlQ]WPLW5FNIUDJHQEHLGHQ
,QLWLDWLYHQ6FKPLGXQG.LOFKVSHUJHU
,QVJHVDPWZXUGHQ,QLWLDWLYHQXQWHUVXFKW
 5HJHOXQJHQZLHQDWLRQDOH*HVHW]JHEXQJHQRGHUSULYDWHIUHLZLOOLJH7LHUKDOWXQJV
5LFKWOLQLHQGDYRQ]XP%LRODQGEDXXQG1LFKW%LR5LFKWOLQLHQ
  1LFKW5LFKWOLQLHQ,QLWLDWLYHQ  %LOGXQJV XQG ,QIRUPDWLRQV,QLWLDWLYHQ  )RUVF
KXQJVLQLWLDWLYHQ4XDOLWlWVVLFKHUXQJV6\VWHPH'LUHNW]DKOXQJV,QLWLDWLYHQ¿QDQ]LHOOH
7LHUVFKXW])|UGHUXQJ
 'LH,QLWLDWLYHQZXUGHQZLHIROJWJUXSSLHUWDOOH,QLWLDWLYHQ5LFKWOLQLHQDOOH%LR1LFKW%LR
XQG1LFKW5LFKWOLQLHQ,QLWLDWLYHQDOOH%LOGXQJVXQG,QIRUPDWLRQV,QLWLDWLYHQ
,QGHU$QDO\VHZXUGHQGLHYHUVFKLHGHQHQ,QLWLDWLYHQV\VWHPDWLVFKQDFKLKUHQ$NWHXUHQ
=LHOHQXQG,QVWUXPHQWHQ0DQDKPHQDOVDXFKQDFKJHZLVVHQ(UIROJVNULWHULHQXQWHUWHLOW
JUXSSLHUWXQGEHZHUWHW
(UJHEQLVVH
(UIROJVIDNWRUHQYRQ7LHUVFKXW],QLWLDWLYHQ
8P (UIROJVIDNWRUHQ ]X LGHQWL¿]LHUHQ ZXUGHQ GLH YHUVFKLHGHQHQ ,QLWLDWLYHQ EH]JOLFK 
(LQÀXVVIDNWRUHQDQDO\VLHUW9HUEHVVHUXQJGHV7LHUVFKXW]HV%HZXVVWVHLQELOGXQJEHL%HY
|ONHUXQJ 1DFKIUDJHVWLPXOLHUXQJ ]% K|KHUHU 0DUNWDQWHLO IU EHVRQGHUV WLHUIUHXQGOLFKH
3URJUDPPH/DEHO,QVSLUDWLRQIUDQGHUH7LHUVFKXW],QLWLDWLYHQ,P$OOJHPHLQHQZXUGHQYRU
DOOHPGLHSULYDWHQ5LFKWOLQLHQ,QLWLDWLYHQDOVHUIROJUHLFKHUEHZHUWHWDOVGLH1LFKW5LFKWOLQLHQ
$QVlW]HZLH%LOGXQJVXQG,QIRUPDWLRQV.DPSDJQHQWHLOZHLVHEHGLQJWGXUFKXQWHUVFKLHGOL
FKH=LHOVHW]XQJHQVLHKH7DEHOOH
7DE%HZHUWXQJGHU(UIROJVIDNWRUHQYRQ7LHUVFKXW]7LHUZRKO,QLWLDWLYHQLQ(XURSD
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6R]LR|NRQRPLH5LFKWOLQLHQXQG=HUWL¿]LHUXQJ3RVWHU
'LH*UXSSHGHU%LRODQGEDX,QLWLDWLYHQHUKLHOWHLQHKRKH(UIROJV%HZHUWXQJQXPHULVFKHU
'XUFKVFKQLWW GXUFK DOOH LQYROYLHUWHQ ([SHUWLQQHQ HUNOlUEDU HLQHUVHLWV GXUFK REMHNWLY
K|KHUH 7LHUVFKXW]6WDQGDUGV DOV GLH (8*HVHW]JHEXQJ DEHU DXFK GXUFK LQWHQVLYHUH
.RPPXQLNDWLRQ]XGHQ9HUEUDXFKHU,QQHQLP9HUJOHLFK]XDQGHUHQ,QLWLDWLYHQ
:HOFKHVVLQGGLHZLFKWLJVWHQ$NWHXUHLQ7LHUVFKXW],QLWLDWLYHQ"
%DXHUQ XQG %DXHUQJUXSSHQ JURH 'HWDLOKDQGHOVNHWWHQ XQG IU %LR,QLWLDWLYHQ DXFK
VSH]LDOLVLHUWH(LQ]HOKDQGHOVXQWHUQHKPHQ6FKODFKWK|IHXQG)OHLVFK9HUDUEHLWXQJVEHWULHEH
=HUWL¿]LHUXQJVVWHOOHQXQGQDWLRQDOHVWDDWOLFKH6WHOOHQZXUGHQDOVZLFKWLJH$NWHXUHEHLGHQ
SULYDWHQXQGVWDDWOLFKHQ5LFKWOLQLHQ,QLWLDWLYHQHUZlKQW%HLGHQ1LFKW5LFKWOLQLHQ,QLWLDWLYHQ
ZDUHQGLH+DXSWDNWHXUHYRUDOOHP7LHUVFKXW]2UJDQLVDWLRQHQXQG)RUVFKHU.LOFKVSHUJHU
6FKPLG+HFKW
:HOFKHVVLQGGLHZLFKWLJVWHQ=LHOHGHU7LHUVFKXW]7LHUZRKO,QLWLDWLYHQ"
'LH$QDO\VHXQG%HZHUWXQJGHU=LHOH]HLJWHGDVVEHLGHQ7LHUVFKXW]EH]RJHQHQ=LHOHQ
QHEHQ K|KHUHQ$QIRUGHUXQJHQ GXUFK 9HUEHVVHUQ GHU 6WDOO\VWHPH DXFK GLUHNW DP7LHU
IHVWVWHOOEDUH9HUEHVVHUXQJHQDQ%HGHXWXQJJHZRQQHQKDEHQ1DFKKDOWLJNHLWV=LHOHXQG
:HUWVFK|SIXQJVNHWWHEH]RJHQHQH=LHOH*HZLQQ:HWWEHZHUEVIlKLJNHLWLP0DUNWWLHULVFKH
3URGXNWLRQLQGHU(85LVLNR0DQDJHPHQWVSLHOHQHLQHJHULQJHUH5ROOH$XFKDXIGLH%DXHUQ
EH]RJHQH =LHOH 8QWHUVWW]XQJ %HIlKLJXQJ ZXUGHQ ZHQLJHU KRFK EHZHUWHW +LQJHJHQ
KDEHQ JHVHOOVFKDIWVEH]RJHQH =LHOH %HZXVVWVHLQVI|UGHUXQJ 7LHUVFKXW]:LVVHQ VRZLH
.RQVXPHQW,QQHQ EH]RJHQHQ =LHOH /HEHQVPLWWHOVLFKHUKHLW 7UDQVSDUHQ] .XQGHQWUHXH
$QWZRUWDXI%HGHQNHQGHU.RQVXPHQW,QQHQEHLYLHOHQ,QLWLDWLYHQHLQHQKRKHQ6WHOOHQZHUW
:LFKWLJVWHYHUZHQGHWH,QVWUXPHQWHGHU7LHUVFKXW]7LHUZRKO,QLWLDWLYHQLQ(XURSD
,QGHU$QDO\VHZXUGHQGLHZLFKWLJVWHQYHUZHQGHWHQ7LHUVFKXW],QVWUXPHQWHGHU,QLWLDWLYHQ
LQ(XURSD]XVDPPHQJHIDVVWXQGEHZHUWHW+lX¿JZDUHQYRUDOOHP5LFKWOLQLHQVRZRKO
VWDDWOLFKH *HVHW]JHEXQJ (8%LR9HURUGQXQJ XQG SULYDWH 5LFKWOLQLHQ NRPELQLHUW PLW
6DQNWLRQHQVRZLH3URGXNWH.HQQ]HLFKQXQJVWDDWOLFKZLHGDV(8%LR=HLFKHQRGHUYRU
DOOHP SULYDWH /DEHO :HQLJHU KlX¿J ZDUHQ ¿QDQ]LHOOH $QUHL]6\VWHPH VWDDWOLFK ZLH
'LUHNW]DKOXQJHQ RGHUSULYDWEHU HLQHQ K|KHUHQ 3URGX]HQWHQ3UHLV PLW$XVQDKPH YRQ
%LR 4XDOLWlWV6LFKHUXQJVV\VWHPH ]% 3UD[LV.RGH[ IU7UDQVSRUW LQ .RPELQDWLRQ PLW
5LFKWOLQLHQ3ULYDWH,QIRUPDWLRQV.DPSDJQHQXQG6FKXOXQJ:HLWHUELOGXQJ]XP7LHUVFKXW]
JHZLQQHQMHGRFKDQ%HGHXWXQJ
'LHYHUJOHLFKHQGHOlQGHUVSH]L¿VFKH$QDO\VH]HLJWGDVVGLH:LFKWLJNHLWGHU)|UGHUXQJGHV
%HZXVVWVHLQVLQGHU%HY|ONHUXQJXQGEHL.RQVXPHQW,QQHQIU7LHUVFKXW]LQ'(1/6(
XQG8.K|KHUHLQJHVWXIWZLUGDOVHWZDLQ3/(6DQG0.LQGHQHQYRUDOOHPGLH8PVHW]XQJ
GHUJHVHW]OLFKHQ(80LQGHVWDQIRUGHUXQJHQLP9RUGHUJUXQGVWHKW
'LVNXVVLRQ
'LH$QDO\VHXQG%HZHUWXQJPDFKWHGHXWOLFKGDHLQLJHZHQLJHGHUXQWHUVXFKWHQ,QLWLDWLYHQ
VHKU HUIROJUHLFK YHUVXFKW KDEHQ YHUVFKLHGHQH =LHOH 7LHUZRKO 1DFKKDOWLJNHLW XQG
:HUWVFK|SIXQJDQ]XVWUHEHQGLHVPLWWHOVEUHLWHUHQ1HW]ZHUNHQHQJHUH=XVDPPHQDUEHLW
HQWODQJ:HUWVFK|SIXQJVNHWWHXQGGHUJHVFKLFNWHQ.RPELQDWLRQYHUVFKLHGHQHU,QVWUXPHQWH
5LFKWOLQLHQ$QIRUGHUXQJHQ .HQQ]HLFKQXQJ XQG .RPPXQLNDWLRQVPDQDKPHQ 'D]X
JHK|UWHQGLHPHLVWHQ%LRODQGEDX2UJDQLVDWLRQHQVRZLHGLH1LFKW%LRODEHO2UJDQLVDWLRQHQ
Ä1HXODQG³LQ'HXWVFKODQGRGHUÄ)UHHGRP)RRG³LQ(QJODQGGLHHLQHQVHKUKRKHQ7LHUVFKXW]
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6WDQGDUGKDEHQ
-HGRFK JDE HV ]DKOUHLFKH ,QLWLDWLYHQ PLW 6FKZlFKHQ ZLH ]XP %HLVSLHO 
 ]X HQJ JHVHW]WH =LHOH ]% VWDUNH $XVULFKWXQJ DXI WHFKQLVFKH 9HUEHVVHUXQJ
XQG ]X ZHQLJ DXI GLH 7LHUH DXVJHULFKWHW ZHQLJ WLHUEH]RJHQH ,QGLNDWRUHQ
 8QJHQJHQGH .RPELQDWLRQ YRQ ,QVWUXPHQWHQ ]% .HQQ]HLFKQXQJ HUIRUGHUW DXFK
HLQH EHVVHUH %LOGXQJ ,QIRUPDWLRQ GHU .RQVXPHQW,QQHQ XQG GHU gIIHQWOLFKNHLW
8QJHQJHQGHU(LQEH]XJJHZLVVHU$NWHXUH]%%DXHUQVROOWHQVFKRQEHUHLWVLQGHU.RQ
]HSWLRQYRQ)RUVFKXQJVXQG%LOGXQJVSURMHNWHQHLQEH]RJHQZHUGHQ
,QVJHVDPW]HLJWHGLH$QDO\VHHLQHVHKUEUHLWH)lFKHUXQJYRQ9RUJHKHQVZHLVHQGLHDXFK
GXUFKGHQQDWLRQDOHQ.RQWH[WEHHLQÀXVVWZHUGHQ]%KRKH6HQVLELOLWlWEHL9HUEUDXFKHU,Q
QHQIU7LHUVFKXW]LQ6FKZHGHQ6NHSVLVJHJHQEHUVWDDWOLFKHQ6\VWHPHQLQ8.6SDQLHQ
XQG,WDOLHQ
6FKOXVVIROJHUXQJHQ
'LH$QDO\VH HUIROJUHLFKHU 7LHUVFKXW],QLWLDWLYHQ PDFKWH GHXWOLFK GD ]XU 9HUEHVVHUXQJ
GHV7LHUVFKXW]HVLQGHU/DQGZLUWVFKDIWHVQ|WLJLVWYHUVFKLHGHQH=LHOHXQG,QVWUXPHQWH
0DVVQDKPHQPLWHLQDQGHURSWLPDO]XNRPELQLHUHQDQVWHOOHHLQHVOLQHDUHQ$QVDW]HVGHU
RIWQXUDXIVWUHQJHUH7LHUVFKXW]*HVHW]JHEXQJKLQDXVOlXIWXQGUDVFKDQ*UHQ]HQVW|W
=ZHLIHOVRKQHLVWDXFKLQ=XNXQIWHLQH(8XQGDXFKZHOWZHLWH+DUPRQLVLHUXQJGHU0LQG
HVWDQIRUGHUXQJHQLP7LHUVFKXW]Q|WLJ)UGLH8PVHW]XQJXQGIUGDUEHUKLQDXVJHKHQGH
7LHUVFKXW]9HUEHVVHUXQJHQLVWYHUPHKUWGHQOlQGHUVSH]L¿VFKHQ*HJHEHQKHLWHQXQGLKUHQ
SULYDWHQ7LHUVFKXW]1HW]ZHUNHQDEHUDXFK]XQHKPHQGGHQ$NWLYLWlWHQGHU+DQGHOVNHWWHQ
5HFKQXQJ]XWUDJHQGLHLQGLHVHP%HUHLFKDXFKVHKUDNWLYVLQG
:LFKWLJLVWGLH9HUEHVVHUXQJGHU5DKPHQEHGLQJXQJHQIUHLQHQYHUEHVVHUWHQ7LHUVFKXW]
PLWWHOVXQEURNUDWLVFKHU/|VXQJHQSDUWQHUVFKDIWOLFKHU=XVDPPHQDUEHLW]ZLVFKHQVWDDWOL
FKHPXQGSULYDWHP6HNWRUXQGGLH6FKDIIXQJJHHLJQHWHU,QVWUXPHQWHZLH]%VSH]LHOOH
3URGXNWH.HQQ]HLFKQXQJVRZLH=HUWL¿]LHUXQJVV\VWHPHGLHYHUPHKUWGLUHNWDXIGLH9HU
EHVVHUXQJGHV7LHUZRKOVDQVWDWWQXUDXI0LQLPDODQIRUGHUXQJHQXQG6WDOO\VWHPHDXVJHULFK
WHWVLQG*HUDGHEHLGHU(USUREXQJQHXDUWLJHUPHKU5HVXOWDWRULHQWLHUWHU=HUWL¿]LHUXQJRGHU
EHVVHU$XGLW6\VWHPHQ N|QQWHQ GLH SULYDWHQ ELRORJLVFKH /DQGEDX/DEHORUJDQLVDWLRQHQ
HLQH3LRQLHUUROOHIUGLH9HUEHVVHUXQJGHV7LHUZRKOVEHUQHKPHQZLHGLHVEHLVSLHOVZHLVH
%LRODQGPLWGHP7LHUJHVXQGKHLWVKDQGEXFKEHJRQQHQKDWGDVVRZRKO]XU6HOEVWEHXUWHLOXQJ
GXUFKGLH7LHUKDOWHU,QQHQDOVDXFKIUGLH%LRNRQWUROOHYHUZHQGHWZHUGHQNDQQ
'DQNVDJXQJ
'LH$XWRUHQYHUGDQNHQGLH¿QDQ]LHOOH8QWHUVWW]XQJGHU(XURSlLVFKHQ.RPPLVVLRQXQG
GHQLQYROYLHUWHQ3URMHNWSDUWQHU,QQHQXQG([SHUW,QQHQ
/LWHUDWXUDOOH'RNXPHQWHVLHKH3URMHNW:HEVHLWHZZZHFRQZHOIDUHRUJ
.LOFKVSHUJHU56FKPLG2+HFKW-$QLPDOZHOIDUHLQLWLDWLYHVLQ(XURSH7HFKQLFDOUHSRUWRQ
JURXSLQJPHWKRGIRUDQLPDOZHOIDUHVWDQGDUGVDQGLQLWLDWLYHV(FRQ:HOIDUHSURMHFWUHSRUW'
ZZZHFRQZHOIDUHHX
6FKPLG2.LOFKVSHUJHU22YHUYLHZRIDQLPDOZHOIDUHVWDQGDUGVDQGLQLWLDWLYHVLQVHOHFWHG(8
DQGWKLUGFRXQWULHV(FRQ:HOIDUHSURMHFWUHSRUW'ZZZHFRQZHOIDUHHX
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